Abstract-Glassy metathesis polymers (glass transition temperatures of 110-236°C) containing substituents with flexible Si-O-Si groups are studied by the spin probe method with the use of the stable nitroxyl radical TEMPO. A high mobility of the spin probe not correlating with the free volume of polymers is reported. These results and the earlier discovered thermodynamic selectivity of the indicated polymers (high perme ability coefficients of higher hydrocarbons) make it possible to infer that Si-O-Si groups are responsible for the observed behavior similarly to that in siloxane rubbers.
INTRODUCTION
Despite its long history, the method of ESR spec troscopy has not become outdated [1] [2] [3] [4] . As was shown in [4] , the mobility of the probe (a stable nitroxyl radical introduced into polymer chains) above the glass transition temperature of a polymer is deter mined by the short time scale dynamics of polymer chains. Below the glass transition temperature, the mobility of the probe is substantially affected by the volume of the cavity (a free volume element) where the spin probe is localized [5, 6] .
In particular, it was indicated that there is a corre lation between the rotational diffusion coefficient of a probe and the translational diffusion coefficients of gases and vapors [7, 8] . An interesting result was obtained in [9] , where it was shown that a relatively small probe, the nitroxyl radical TEMPO freely rotates inside free volume elements of polyvi nyltrimethylsilane (PVTMS). Moreover, the fre quency of TEMPO rotation in the indicated polymer is higher than those in common glassy polymers, such as polystyrene or polycarbonate. The high mobility of the probe may be explained by the fact that the size of a free volume element in PVTMS is 345 Å that is, the TEMPO molecule may be accommodated inside the free volume element. At the same time, a larger radical demonstrates a markedly lower rotation frequency for the same reason. Therefore, it was assumed that the rotation frequency of the nitroxyl radical may be used as a measure of the sizes of free volume elements.
The spin probe study of polymers remained active in subsequent years [11] [12] [13] [14] [15] [16] [17] . Specifically, it was found that there is a satisfactory correlation between the rotation frequency of the TEMPO probe, the size of the free volume element (positron annihilation data), and the gas permeability of polymers for a wide range of glassy polymers [17] . Some results are presented in Table 1 .
However, certain ideas have been suggested on the basis of the data presented in the table for two poly acetylenes. Polyacetylene containing a flexible alkyl substituent demonstrates a substantially higher mobil ity of the probe than that of polytrimethylsilylpropyne, having two orders of magnitude higher gas permeabil ity. This single observation makes it possible to assume that there are other factors besides the size of the free [18] . As was unexpectedly found, these glassy polymers (Т g values in the range 100-230°C) with a moderate gas permeability level (Р(О 2 ) = 170-300 Barrer) exhibit thermodynamic selectivity during separation of hydrocarbons, i.e., higher permeability coefficients for penetrants of larger sizes. As is known [19] , this behavior is typical for either rubbers or superpermeable glassy polymers. To reveal the nature of such behavior, these polymers were studied via the spin probe method.
Mobility of the Spin Probe TEMPO in Glassy Metathesis

EXPERIMENTAL
The stable nitroxyl radical TEMPO was used as a probe in this study. The spin probe was introduced into samples from an ethanol solution. The radical was dis solved in ethanol, and the polymer sample was immersed in this solution. After the mixture was kept at room temperature for two days, the ethanol was evaporated. The concentration of the probe in a sam ple was (1-3) × 10 17 spin/g. ESR spectra were recorded on a RADIOPAN ESR spectrometer (Poland) at room temperature (20°C). The modulation amplitude during spectra recording was lower than the linewidth and did not exceed 0.5 G. The power level of the radio frequency field in the spectrometer resonator was 3 mV at most. This cir cumstance made it possible to avoid the effect of satu ration of ESR transitions that distorts the line shape.
The spin probe mobility was determined from the ESR spectra, and correlation time τ (s) was calculated within the model of spin probe isotropic rotation via the formula [3] (1) where I +1 and I 1 are the intensities of HFI compo nents in low and high fields, respectively, and ΔН +1 is the linewidth in the low field (G). Figure 1 shows examples of ESR spectra of the spin probe in the poly mers. In the range of correlation times (3-7) × 10 -9 s, the "effective" correlation times found through Eq. (1) were recalculated via the calibration depen dence from monograph [20] (Fig. II.15 ) to determine the "true" correlation time. In this study, the value of ν = 1/τ is conventionally referred to as the rotation frequency of the spin probe.
Note that spectra 3 and 4 presented in Fig. 1 dem onstrate abnormally high amplitudes of the central component. Similar results were reported many times when the TEMPO probe rotation in polymers was investigated (e.g., the spectra presented in monograph [3] ). The cause of the observed anomaly is presently unclear and beyond the scope of the present paper. Correlation times may additionally be determined from the ratio of intensities of the other spectral com ponents (formula (I.3) in monograph [4] ). Moreover, the relationship between correlation times of probe rotation in the polymers whose spectra are presented Table 2 . Parameters required for spectral analysis are additionally shown.
